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(S) Axial-flow pumps. 

@ A multistage axial flov^^ pump or compressor 
comprises at least one stage (10) including a 
rotor (16) and a stator (20). The rotor (16) is 
arranged to impart whirl in one direction, white 
the stator (20) is arranged to impart whirl in the 
opposite direction. This arrangement is useful 
in providing comparatively high stage pressures 
for a given rotor tip velocity with relatively low 
rotor vane hydraulic loadings. The arrangement 
Is also useful in pumping multiphase fluids. 
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This invention relates to pumps and compres- 
sors, and in particular to multistage axial flow pumps 
and compressors. 

The invention has application in multistage 
pumps suitable for pumping a range of fluids, both liq- 
uids and gases, but also offers particular advantages 
In relation to axial pumps for use in pumping multi- 
phase fluids as may be encountered in oil and gas ex- 
ploration and production. Both the general and multi- 
phase applications of the invention are described 
herein. 

In existing multistage fluid pumps and compres- 
sors, whether of the centrifugal, mixed flow or axial 
flow type, an increase in fluid pressure is achieved in 
each stage by: an impeller, which imparts both whirl 
to the fluid and increases its pressure; and a dif f user 
or volute, which reduces the absolute velocity of the 
fluid and increases the fluid pressure further by the 
partial conversion of fluid velocity energy into pres- 
sure energy. In general, an objective in the design of 
these machines is that at the flow rate at which the hy- 
draulic efficiency is a maximum, a substantial amount 
of fluid diffusion takes place in the volute or bladed 
stators. 

In order to achieve relatively high stage pres- 
sures it is generally necessary to employ centrifugal 
or mixed flow pumps. It is among the objects of one 
aspect of the present invention to provide a multi- 
stage axial flow pump which will provide a perfor- 
mance comparable with, or better than, a multistage 
centrifugal or mixed flow pump, at a lower manufac- 
turing cost 

In many oil fields the fluid which is extracted from 
a hydrocarbon reservoir is a mixture of gas and liquid 
phases. During the pumping of such fluid, particularly 
at lower pressures, the gas phase tends to separate 
from the liquid phase, this problem being particularly 
acute within pump stages. In a conventional axial- 
pump the gas phase tends to accumulate around the 
axis of the pump and to flow back along the pump 
axis. 

Such conventional pumps typically comprise a 
cylindrical casing within which is mounted a rotatable 
shaft. An axial flow impeller, which may have a cylin- 
drical or a conical hub, is mounted on the shaft direct- 
ly upstream of a stationary diffuser. The impeller 
adds energy to the fluid while the diffuser reduces the 
absolute velocity of the fluid and increases the fluid 
pressure. The diffuser also serves to minimise the 
whirl velocity of the fluid at the diffuser outlet and 
provides for substantially axial fluid flow from the 
stage. Due to the whirl imparted to the fluid by the inv 
peller, separation of the gas and liquid phases to- 
wards the hub of both impeller and diffuser within the 
pump stages limits the gas-handling capability of 
such pumps. Accordingly, it is among the objects of 
another aspect of the present invention to provide a 
pump for multiphase fluids in which the gas phase re- 



mains substantially entrained within the liquid phase, 
thereby enhancing the ability of the pump to handle 
large gas fractions in the total fluid flow. 

According to one aspect of the present invention 

5 there is provided a multistage axial flow pump or com- 
pressor comprising at least one stage including a rotor 
for imparting whirl in one direction and a stator for im- 
parting whirl in the opposite direction. 

According to another aspect of the present inven- 

10 tion there is provided a method of pumping or conv 
pressing a fluid utilising a multistage pump or com- 
pressor Including the steps: imparting whirl tothef lu- 
id in a first rotor; and then, imparting whirl to the fluid 
in the opposite direction in a first stator. 

15 The present invention has application in both 
pumps and compressors however, in the interest of 
brevity, the description mainly refers to pumps. 

in use. it has been found that pumps made in ac- 
cordance with the invention are capable of providing 

20 comparatively high stage pressures for a given rotor 
tip velocity with relatively tow rotor vane hydraulic 
loadings. Thus, it is possible to produce axial flow 
pumps and compressors according to the invention 
with equivalent or better performance than centrifu- 

25 gal and mixed flow pumps, and such axial flow pumps 
are likely to be significantly less expensive to pro- 
duce than comparable centrifugal or mixed flow 
equivalents. 

The configuration of the rotor and stator is such 
30 that the axial length perstage of pumps in accordance 
with the invention may be less than equivalent con- 
ventional axial flow, mixed flow and centrifugal ma- 
chines, such that the invention allows construction of 
pumps and compressors with relatively short, stiff 
35 and rugged shafts and compact lightweight rotor as- 
semblies. 

Preferably, the pump rotor has a cylindrical hub, 
and rotates within a cylindrical housing. 

Preferably also, the stator is configured to pro- 
40 duce little or no diffusion, to maximise the efficiency 
of the whirl reversal process, and such that at or near 
the design duty flow, the fluid is discharged from the 
stator with an absolute velocity which has substantial- 
ly the same axial component as the fluid entering the 
45 stator, and has a whirl component of velocity which is 
substantially the same as the whirl component enter- 
ing the stator, but in the opposite rotational direction. 
Thus, the absolute velocity of the fluid passing 
through the stator is maintained substantially con- 
so stant during the whirl reversal process, the stator 
vanes effectively acting as a cascade bend. 

Conveniently, means for diffusion of the fluid is 
provided after the last pump stage, for example by 
providing a bladed diffuser or volute. 
55 Preferably also, the rotor of a second pump stage 
is arranged to impart a whirl component in the same 
direction as the direction of rotation of the rotor of the 
first stage. 
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According to a further aspect of the present in- 
vention there Is provided an axial flow punDp for use 
in pumping a multiphase fluid, the pump comprising 
at least one stage having a rotor for imparting whirl In 
one direction and a stator for imparting whirl in the op- 
posite direction to maintain entrainment of the gas 
phase of the fluid within the liquid phase. 

Compared to conventional pump stage arrange- 
ments, In which the whirl induced In the fluid is likely 
to be unidirectional, the maximum whirl velocity at- 
tained in the stage is considerably lower, thus reduc- 
ing the centrifugal forces acting on the fluid and 
which tend to separate the phases. Also, the arrange- 
ment of the invention avoids the fluid being subject to 
a continuous centrifuging effect. The changes in di- 
rection of whirl also tend to induce re-entrainment of 
any gas that has nevertheless separated from the liq- 
uid phase. 

Preferably, said at least one stage includes two 
stators, one upstream and one downstream of the ro- 
tor, the stators inducing whirl in one direction and the 
rotor Inducing whirl in the opposite direction. 

The stage may be arranged such that the pres- 
sure rise across the stage is predominately achieved 
in the rotor, the stator serving solely or predominately 
to change the direction of whirl of the fluid. Alterna- 
tively, the stator may act as a diffuser. In the former 
arrangement the rotor may be mounted on a parallel 
cylindrical hub, to produce purely axial flow, while in 
the latter arrangement the rotor may be mounted on 
a conical hub. 

Preferably also, the rotor is in the form of an im- 
peller mounted on a rotating shaft. Most preferably, 
the stator is mounted to the casing which defines the 
outer wall of the pump stage. 

Preferably also, the stator is fonmed of a plurality 
of radially extending blades or vanes. Most prefer- 
ably, the stator downstream of the rotor has bull- 
nosed vanes capable of tolerating a wide range of 
flow incidence angles at the bull-nosed leading 
edges. Preferably also, the profile of the vanes is 
such as to provide substantially constant passage 
width between the vanes. 

These and other aspects of the present invention 
will now be described, by way of example, with refer- 
ence to the accompanying drawings, in which: 

Figure 1 is a cut-away view of a stage of a multi- 
stage axial pump in accordance with a preferred 
embodiment of the present invention; 
Figure 2 is a somewhat schematic representation 
of the fluid path through a stator, a rotor and a fur- 
ther stator of a multistage pump in accordance 
with an embodiment of the present invention; 
Figure 3 is a velocity diagram of fluid passing 
through the rotor and the stator of the pump of 
Figure 1; and 

Figure 4 is a somewhat schematic representation 
of the passage a multiphase fluid through the sta- 



tor, rotor and a further stator of a multistage pump 
in accordance with a further embodiment of the 
present invention. 

Reference is first made to Figure 1 of the draw- 

5 ings, which illustrates one stage of a multistage axial 
pump in accordance with an embodiment of the pres- 
ent invention. The pump stage 10 is located within a 
cylindrical casing 12 which contains a central driving 
shaft 14. A rotor 16 is linked to the driving shaft 14 via 

10 a cylindrical hub 18. Downstream of the rotor 16 is a 
stator 20 having blades 22 which are fixedly mounted 
within, brazed to, or cast integral with the casing 12. 
The stator blades 22 are generally similar to the rotor 
blades of an axial flow impulse type steam turbine, 

15 and effectively act as cascade bends. 

In use, the rotor 16, which in this example is ro- 
tated in a clockwise direction, induces clockwise whirl 
in the fluid, which is then reversed by the stator 20. 
The flow of fluid through the stage 10 is illustrated in 

20 greater detail in Figure 2 of the drawings, which 
shows a section of the pump stage 1 0, Including three 
blades 24 of a first stator 26 and three blades 22 of a 
second stator 20, the rotor 16 being located there- 
between. Considering first the path of the fluid from 

25 the rotor 16 to the downstream stator 20, the fluid 
whirl is generated by the rotor blade camber and\or in- 
cidence, and the fluid is discharged from the rotor 
with an absolute velocity (Vro) which has both an axial 
component and a whirl component in the direction of 

30 rotation of the rotor. The fluid then flows into the pas- 
sages between the stator blades 22, in which, at the 
design point, little or no diffusion takes place, the 
function of the stator 20 being predominantly to turn 
the fluid such that it is discharged from the stator with 

35 an absolute velocity (V^o) which has: the same (or 
nearly the same) axial component; and a whirl copd- 
ponent which is the same (or nearly the same) as the 
whirl component entering the stator, but In the oppo- 
site direction. As may be seen from the velocity dia- 

40 gram shown in Figure 3 of the drawings, the absolute 
velocity of the flukJ passing through the stator vane 
passages (V.!, V^) is maintained substantially con- 
stant during this whirl direction reversal process. 
The fluid, with an absolute velocity component 

45 contrary to the direction of rotation of the rotor 16, 
then flows into the passages between the rotor vanes 
of the next rotor stage (not shown), and the whirl gen- 
eration in that rotor then turns the flow such that on 
exit from the second rotor stage the fluid has a whirl 

50 component in the same direction as the direction of 
rotation of the rotor. 

Thus, as is evident from the Figures, the function 
of alternate rotors and stators is simply to impart pos- 
itive and negative whirl, respectively, to the fluid. The 

55 passage cross-sectional area in the stator is advan- 
tageously kept constant, or slightly convergent diver- 
gent, to maximise the efficiency of the whirl reversal 
process in the stators. While little or no diffusion of 



BNSDOCID: <EP ^0671563A1 J_> 



5 



EP 0 671 563 A1 



6 



the fluid flow takes place in the stator vane passages 
between successive rotors, it is preferable that some 
provision for fluid diffusion is made after the last 
stage, for example by providing a bladed diff user of 
volute, as is well known to those of skill in the art. 

In such a multistage fluid machine, the first pump 
stage can be designed with or without provision to 
create fluid whirl in a direction contrary to rotor rota- 
tion upstream of the first stage roton depending upon 
the net positive suction head requirements at the first 
stage. Figure 2 illustrates the situation where an up- 
stream stator 26 is provided to impart whirl upstream 
of the rotor 16. 

It has been found that pumps designed as descri- 
bed above may provide comparatively high stage 
pressures for a given rotor tip velocity, with relatively 
low rotor vane hydraulic loadings, it is thus practicable 
to design multistage axial flow pumps and compres- 
sors which can compete favourably on performance 
and economic terms with centrifugal and mixed flow 
pumps. There is considerable flexibility In pump de- 
sign available, so that headXflow and powerVflow 
characteristics may be selected to suit particular ap- 
plications and system requirements. Further, using 
the above-described rotor and stator configuration, 
axial length per stage is less than with the equivalent 
conventional axial flow and mixed flow machines, al- 
lowing the manufacture of pumps and compressors 
with stiff, rugged shafts and rotor assemblies. 

Reference is now made to Figure 3 of the draw- 
ings, which illustrates a section of a pump stage 30, 
similar to that described above with reference to Fig- 
ure 2, being utilised to pump a multiphase fluid. 

Figure 3 illustrates three blades 50 of a first up- 
stream stator 51 and three blades 38 of a second 
downstream stator 40, the impeller or rotor 36 being 
located therebetween. The Figure also illustrate the 
process of separation and re-entrainment that occurs 
as a multiphase fluid passes through the pump stage. 

As mentksned above with reference to the first- 
described embodiment, it will be noted that the pas- 
sage cross-section between the stator blades 50, 38 
is substantially constant such that the stators 51, 40 
do not diffuse the fluid. It will also be noted that the 
stator blades 50. 38 are bulled-nosed and thus less 
sensitive to the incidence angle of fluid flowing into 
the stators. 

As the fluid flows between the stator blades 50, 
and is subject to a first change in whirl direction, a de- 
gree of separation may occur in the low pressure area 
56 along the trailing edge of each blade 50. However, 
the separated gas phase is re-entrained with the liq- 
uid phase on encountering the leading edges of the 
rotor blades 55, which induce whirl in the opposite di- 
rection. As the fluid passes through the rotor, a cer- 
tain degree of separation may take place in the low 
pressure area 58 along the front face of the trailing 
edge of each rotor blade 55. On passing from the rotor 



and into the stator 40 and separated gas phase is re- 
entrained within the liquid phase, as the whirl direc- 
tion is changed once more. On the fluid flowing from 
the stator 40 there is the possibility of some separa- 

5 tion occurring in the low pressure area 60 along the 
trailing edge of each stator blade 38. 

Thus, it will be seen that, although an inevitable 
degree of separation does take place as the fluid 
passes through the pump stage, any significant sep- 

10 aration of the phases tends to be followed by re-en- 
trainment. In addition, the changes in whirl velocity 
direction as the fluid flows through the stage results 
in the maximum whirl velocity attained in the stage 
being considerably lower than in a conventional axial 

IS pump configuration, thus reducing the centrifugal for- 
ces acting on the fluid and which tend to separate the 
phases. Also, the changes in whirl velocity direction 
avoids the fluid being subject to a continuous centri- 
fuging effect. 

20 It will t>e clear to those of skill in the art that the 
above-described embodiments are merely exenv 
plary of the present invention and that various modi- 
fications and improvements may be made thereto, 
without departing from the scope of the invention, for 

25 example the illustrated embodiments feature ma- 
chines with a cylindrical hub and a cylindrical casing, 
and for certain applications the same general flow 
principles may be incorporated into pumps or com- 
pressors with conk;al hubs andVor conical casings. 

30 

Claims 

1 . A method of pumping or compressing a fluid util- 
35 ising a multistage pump or compressor, the meth- 

od including the steps: imparting whirl to the fluid 
in a first rotor; and then, imparting whiri to the flu- 
id in the opposite direction in a first stator. 

40 2. A multistage axial flow pump or compressor corrv- 
prising at least one stage including a rotor for im- 
parting whirl in one direction and a stator for im- 
parting whirl in the opposite direction. 

45 3. The pump of daim 2, wherein the rotor has a cyl- 
indrical hub. and rotates within a cylindrical hous- 
ing. 

4. The pump of claim 2 or 3, wherein the stator is 
50 configured to produce little or no diffusion, to 
maximise the efficiency of the whirl reversal 
process, and such that, at or near the design duty 
flow, the fluid is discharged from the stator with 
an absolute velocity which has substantially the 
55 same axial component as the fluid entering the 

stator, and has a whirl component of velocity 
which is substantially the same as the whirl com- 
ponent entering the stator, but in the opposite ro- 
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tational direction. 

5. The pump of any of claims 2, 3, or 4, wherein 
means for diffusion of the fluid is provided after 

the last pump stage. 5 

6. The pump of any of the claims 2 to 5 wherein the 
rotor of a second pump stage is arranged to im> 
part a whirl component in the same direction as 

the direction of rotation of the rotor of the first io 



7. An axial flow pump for use in pumping a multi- 
phase fluid, the pump comprising at least one 
stage having a rotor for imparting whirl in one di- is 
rection and a stator for imparting whirl in the op- 
posite direction to maintain entrainment of the 

gas phase of the fluid within the liquid phase. 

8. The pump of claim 7 wherein said at least one 20 
stage includes two stators, one upstream and 

one downstream of the rotor, the rotor arranged 
to induce whirl in one direction and the stators ar- 
ranged to induce whirl in the opposite direction. 

25 

9. The pump of any of claims 2 to 8 wherein the 
stage Is arranged such that the pressure rise 
across the stage is predominantly achieved in the 
rotor, the stator serving solely or predominately to 
change the direction of whirl of the fluid. 3o 

1 0. The pump of claim 9 wherein the rotor is mounted 
on a parallel cylindrical hub. 

11. Thepumpofanyof theclaims2to lOwhereinthe 35 
rotor is in the form of an impeller mounted on a 
rotatable shaft. 

12. The pump of any one ofthe claims 2 to 11 wherein 

the stator is mounted to the casing which defines 40 
the outer wall of the pump stage. 

13. The pumpofanyofthe claims 2to 11 wherein the 
stator is formed of a plurality of radially extending 
blades or vanes. 45 

1 4. The pump of claim 1 3 wherein a stator Is provided 
downstream of the nDtor and has bull-nosed 
vanes capable of tolerating a wide range of flow 
incidence angles. $0 

15. The pumpof daim 1 3 or claim 14 wherein the pro- 
file of the vanes is arranged to provide substan- 
tially constant passage width between the vanes. 



16. The pump of any of daims 2 to 15 wherein the 
pump indudes two or more stages. 



55 
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